
C3iIjC€ 

m Siihegrajljyj thin laembnnes fcf otteWMMdia 

sppBiioiHi; eteareis. *ro«ss amrido etantgis of H Of F sums or 
F8su3£s m satbiHsaUoa ^us 50 rsmsvisl of Sow moU poSymcrs* esc; 
0) hevs beisw eiieiiiiott scbiStjr,. 

!/l 

ABES EP 132e3£B UPAB:930$2S 

A pnxasss for Ute jiradii^oa ef *«*pluifii**' psiyraniUHS livea 
(or. i subsitita) !om masoiseni bgimaAam is&ot fSusraotcbem if 
tn&tm of 2 h>gh-fre«guencj' jSs&glS gBB glow dHcia i^e, cJuneieriMd 
in tiai aSitr iu ptaiuaieo. -she "''fiaiffiP^ '"^fel^ens 
iKtHjesed !o ss innsilfaig sieji In tlw abaoice of air, h) an 
ttm^sphere of it;'<i!<s«itrtKxi siiit/sr lltwrMariiDn monomers u 
t«!^i«3tur«i of i»;»wa ICG ttii 450 d«sX tot t pant ef i to 10 
hours. 

A8EQ IfS J0«ffiS<3 A UPAS: 

Genstsuoa of golymef teyers oA subsireu; snmpriss (!) glow 
(iiscbatgini sisaomsrs Jsteefi fssai lsy!froe»t!s»i», flutiiwartwns 4nd 
nuxss. efhydronriKini iiKi SueraeariisBSft Mgh ficQBeney aa<t kw 
pnffiure to form jniymer laycA on sibesmi and (£} amaiins Uhs 
;fi!>'m«r iayef! in aiinat, comprising ai ban) one hydroesrbon and/or 
Susraotrbsit .monsffler and ini (be itaeax of air at lOtMJO deg-C for 
l-iO !)«. 

ADVANTAGE • Method ia ptovid«d &r t»nentiiit glssi- potymarisaEa 
tuyets in >uelt a msnair diat eiwiRieally nabie prods, are obtd. 

U AKSWER4 0F6 W?£DS COPYRJCKT ISS7 DEKWENTHWORMATION 1,TO 
ACCESSION NU&JBER; 82-73i65E t35| VVfffiS 
TTTLE: ForaUnf simooth eoai on nibsiiatt - by 

•••pissma*** jsoljFmariintion ofaUtyl or 

"••tluoKali:;'!*** (nn!ih>aefyi«K Oslo subatrals. 
DERWENT CL.<SS: Aid A32 KOJ 
PA-J-ar ASS.'ONEEiS): {DA3K> BASON KOOyOKK 
COU>freV COUNT: i 
PATENT OTORMATTON: 



PATENT !«0 KIND DATE WEEK U PO 



APPLICATION DETAILS: 



PATENT NO K3ND APPUCaTJON DATE 

JP 0201 laws JfPSl^J £101)9 



PlUORfTY APPLK. wm-. iV $l~6m ilO\ 19 

A.N ii3-73J05E i35J WPiDS 

AB JPS7!1990«A UPAB; §30915 

Meiliod Mitftprisss ""'psasms''^ polyHismatioBOfailtyUmeui) 

aciyiaies or •'•fluonsalkyS*** (awusactyiates snio « subsusse. 

TiB procesj emSiis raflwr tfiieS: GO-lOO mictOBj) wti of iiijit 

jmooihness (O. I miaions) »i«J of tinifofin )hicSa>«a to bs formad an 

the substrajs tapiiily (6 micons/tir.). Tkt wm is iueftil ai an 

ablaior shell in a fiid piinide for nudisar bsisn. - 

lise aiity<in«h)aGt)-is!sa are mstifi; ctbyK a^btityia. 
isobiityi-. dodeev!-. ii-oO;-!-. 2<eht9rsethyl- or piwnylasryiate, 

nieijKi! aSpha-chloroacf>'S"aie. m«3iyN. ethyl' or bwiyl msEaerySate. 
or 5*>i aSpiia-ciiiyiscryiaii. Tlie ""'flBotoalkyl*** 
-imahiacfjhw uiwj may !>s CK2«C(CK3) COOR. R is -CHifCKBH. 
-CfCHSillCFlCH. -CHJCHFCF3. XHICRCHFCFS. -CHCCWJICFSCHFCPJ. 
-CKiC^HIlCFlCHFCFJ. -CHCCJHTjCre.CHFCR. -C{CHJ12CFJCFFCF3. 
-CiCfni(C3K5lCF:CHFCrJ. -CHJfCncF;) iiK m ij I-J). 
■CiCHJCCFlCHiCFSi:. -CHlCaKCrlCFJmCRCn): m- i-S> as 
•CHXHKCFjMl-'ciis i-iOi. Tne •'•pSastm"- fOWtnaasaiioa on a 
M^istpate is pKrfomi«J undsr reds:CH<( pffiss«« in gas mija, contg, 
ir.cn jjas tq;«n a- krypion.) aaivatc-i by jSow disehatse. 

LS ANSWER 5 OF 6 WPi!3S COPYRIGHT 1997 DESWENT INFORMATION LTD 
ACCESSIOK NL'MBER: s;-334!-»£ JSTj WPiDS 
TITLE: G!ow dssciwrje polymnriaacion of 



Ac Exfioicsve Aj^etscy of Ae Depawmesit of Trsde and industry. 



(1 1) Patent AppHcation No. 57-1 19906 

(12) Patent Application (A) 

(1 9) Japanese Patent Agency (JP) 

(43) Application published 26 July 1 982 

(51) Intel' 

C 08 F 120/10 
C 08 F 2/52 
Identifier 

Inlemai classijQcation 
7308-4 J 
7102-4 J 

Number of inventions: 1 

Application for inspecti(jh: not applied for 
(5 pages in total) 

(54) A method of forming smooth coatings on substrates 

(21) Application No. 56-6773 

(22) Date of filing: 19 January 1981 
(72) Inventor: Chiyoe YAMAN AKA 
(72) Inventor; Masayuki LED A 
(72) Inventor: Shintaro IStHBASHI 
(72) Inventor: Shinjo MORITA 
(72) Inventor: Tsuneo FUJII 

(71) Applicants: Daikin Industries 

(74) Agents: Muneta AS AHINA Patent Attorneys 



Specification 

1. Description of iBvention 

A method of forming smooth coatings on substrates. 

2. Scope of pateat appMcatioa 

A method of forming smooth coatings on substrates characterised by the fact that 
alkyl(meth)acrylate or fluoroalkyl(meth)acrylate are polymerised on substrates by 
plasma polymerisation. 

3. Detailed explanation of invention 

The invention relates to a method of forming smooth coatings on substrates. 
Specifically, it relates to a;? method of producing such coatings by plasma 
polymerisation. 

Various methods of applying coatings to substrates are already known, including 
methods of forming such coatings by plasma polymerisation. Nevertheless, it is 
extremely difficult to produce smooth coatings, especially on non-planar substrates, 
such as textiles, spheres, cylinders and other intricately shaped substrates and a fairly 
loiig time was required to produce such coatings. In nuclear fbsion, for example, 
there have recently been rapid developments in inertial-confinement fusion and in 
particular, nuclear fusion reactions are being achieved using laser radiation, electron 
beams and ion beams as energy drivers. In nucleai' fusion small spheres containing 
deuterimn aiid tritium fuel sealed in a glass and gold pusher (a spherical shell 
container^ aie bombarded with laser energy and compressed to ultrahigh densities of 
10^® ions/cm\ i.e., ten thousand times the solid fuel density of lOF ions/cm' and can 
reach temperatures of a billion degrees. The compression may be considered to be 
"ejection-type compression", as compared with, explosive compression where tlie 
pusher is converted into plasma by the laser radiation aiid the compression uses the 
shock forces of the plasma. In the first case, the shell comprising tlie pusher encasing 
the fuel is made of a high-density material, the entire structure is heated uniformly 
within a short time by x-ray radiation and fast electrons produced by the laser energy, 
reducing its thickness, and it is doubtfal whether ultraliigh density compression can 
be aciiieved since the increase in temperature is appreciable compared with the 
densit}'. In the second case, the fuel shells have a thick layer of low-density material 
applied to the outside of the fuel and under laser irradiation the fuel is compressed by 
the rocket action of the plasma ejected outwards. Various designs of fuel shells have 
been developed on an experimental scale. Examples include vacuum-cored, solid fuel 
(solidifying at low temperatures) shells, high-Z shells, low-density shells, external 
pusher shells, and ablator shells and there are extend pusher shells formed of layers 
of varying densirv'. In high-Z shells, highly charged electrons are shielded by a heat 
shield layer and x-rays are absorbed whereas in low-density shells fast electrons are 
shielded electrostatically and when the ablator shell undergoes laser irradiation and is 



converted into plasma, the thermal effect on the foe! shell is reduced and an eifective 
plasma compression effect can be achieved. 

The ablator shells used here (low-Z shells) are produced by known methods of 
obtaining tetrafluoroethylene or trans-2-butene polymer coatings by plasma 
polymerisation. Since these ablator shells must be converted uniformly into plasma, 

they must have a imiform thickness of approximately 50-100 |im with a surface 
smoothness of 0,1 fim. In order to meet these requirements, the rate of formation of 
said polymer coatings must be less than 1 p.rn/h. High-speed methods of forming 
coatings are known, such as a method of forming coatings which meet these 
requirements at a rate of approximately 5 {im/h by thermal polymerisation of 
paiyiene. However, thermal polymerisation is not desirable because heating above 
100°C must be avoided. 

The aim of the present invention is to propose a method of producing smooth, 
comparatively thick coatings of uniform thickness which satisfy the afore-mentioned 
requirements and are formed by plasma polymerisation at a faster speed than those 
produced by conventional techniques. 

The aforesaid aim is satisfied by plasma polymerisation of alkyl(meth)acrylate or 
fluoroaikyi(meth)acrylate on substrates. In this specification (meth)acrylate denotes 
either methacryiate or acrylate. 

Accordmg to the invention an extremely smooth, comparatively thick coating of 
uniform thickness can be produced on a substrate m a short tune. Specifically a 
coating having a uniform thickness of 30-100 pm and a smoothness of 0.1 can be 
produced at a rate of 6 pm/h. 

The aikyl(meth)acrylate used in the present invention should combine straight-chain, 
branched-chain or cyclic alkyi groups with 1-20 carbons and (meth)acrylate groups. 
The number of carbons in the alkyl groups should preferably be between 1 and 12, 

with between 1 and 6 being the most desirable. Examples of the alk}d(meth)aci:^4ates 
used in the present invention include methylacr>iate, ethylacryiate, n~but}dacrylate, 
isobutylacrylate, dodecylacrylate, n-octj'lacrylate, 2-chIor-ethyiacr}4ate, 
phenyiacryiate, nietliyl a-cMoracryiate, methylmethacrylaie, ethyknethacrylate, 
butylmethacrylate and ethyl a-efhylacrylate. 

The fluoroaIkyi(meth)acrylate used in the present invention should contain 
.„j;meth)acrylate groups and alkyl groups where the hydrogen has been partially or 
completely replaced by fluorine except for the hydrogen attached to carbons being 
links in straight-chain, branched-chain or cyclic alkyl groups containing 1-20 carbons. 
The number of carbons in the fluoroalkyl groups should preferably be 1-12 with 1-6 
being the most preferable. An example of a fluoroalkyl(meth)acrylate used in the 
present invention is given by the formula: 



where is a straight-chain, or braiiclied-chain perfluoroalkyi group with 1-15 carbons 
or a group containing at least one fluorine atom and in which more than one fluorine 
atom has been replaced by a hydrogen atom, R' is a hydrogen atom or a methyl group 
and is a divalent hydrocarbon residue group. The number of carbon atoms in the 
Rf group is between 1 and 15 and preferably between 1 and 10, and the number of 
fluorine atoms should be at least one and preferably at least half the sum of carbon 
atoms in tlie group and the number of carbon atoms in the Rf group. Since the R^ 
group links the Rf group with the acrylate or methacrylate group, the number of 
carbon atoms should be between 1 and 10 and preferably between 1 and 5, although 
this is not critical. 

Examples of fluoroalkyl (meth)acrylates used in the invention are given as follows: 
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C{CH^)C00C(CF2)^H 

C(CH3)COOC(CH3 )2 (CF2 )2 H 
C(CH 2 )C00CH2 CHFCF^ 
CCCHg )C00CH2 CF2CHFCF3 
C(CH 2 )COOCH(CH 3 )CF2CHFCF2 
C(CH2 )COOCH(C H . )CF., CHFCF, 




CFIt = C(CH.^ )C0OC(CH^)2 CF2CHFCF^ 

CH2 = CCCHg )C00C(CH3 )2 (C2H5 )CF2Cm<^CF2 

CH2 =C(CH3)COOCH2(CF2CF2)^H 




n - I - 5 



CHj = C(CH3)COOCH2CH2(CF^)^F 



The boiling points of tiie aikyl(meth)acrylates or fluoroaikyi(meth)aciyiates should 
preferably be below 400°C at atmospheric pressure or below 70°C at 40 Torr. 



The plasma polymerisation of alkyl(meth)acryiate or fluoroalkyl(metli)acrylate on a 
substrate is then carried out by placing the substrate in a stream of low-pressure gas 
mixture comprising alkyi(meth)acryiate or fluoroalkyi(nieth)acrylate and a rare gas 
and exciting a glow discharge in the vicinity or by placing the substrate in a stream of 
low-pressure gas mixture comprising aikyi(meth)acrylate or fluoroaIky](meth)acrylate 
and a rare gas after this has been excited by a glow discharge (afterglow method). 

The rare gas can be helimn, neon, argon, krypton or xenon with argon and krj'pton 
being preferable. 

The glow discharge is ignited by positioning two parallel plate electrodes inside the 
reaction tube or by placing an induction coil outside the reaction tube and applying an 
rf voltage or an rf current. Whichever type of discharge is ignited and whether the 
substrate is positioned inside the discharge zone or the afterglow method is used, the 
temperature should be 0-200°C, the pressure should be between 10 and 10"^ Torr, and 
preferably between 1 and 10'^ Torr, the rare gas flux should be between 0.1 and 100 
cm^STP/min and the monomer flux, such as alkylacrylate .should be between 0.5% 
and 50% of the rare gas flux and it is particularly desirable for this flux to be between 
1% and 20%. The glow discharge should be initiated in an rf electric field at a 
frequency of 0.1-100 MHz and the discharge power should be between 1 and 500 W. 
The substrate may be spherical, flat or intricately shaped and should be made of solid 
materials such as metal, glass or textiles. 

In the plasma polymerisation device the reaction tube should be heated so that 
polymer does not form on the walls of the tube and the electrodes should also be 
cooled as in the following example of embodiment 

In this plasma polymerisation method, after polymerisation has taken place for a fixed 
time, rare gas is passed through the reaction tube either by itself or together with the 
monomer, stopping the discharge at a fixed time. By thus preventing the formation of 
polymers in the gas phase, this is an effective method of maintaining a smooth 
surface. 

By incorporating elements such as chlorine, bromine, gold, thallium, silver, and 
copper in the coatings as derivatives in a form where these elements have combined in 

the form of salts or complexes (metal elements) or replace part of the aforementioned 
monomers (chlorine or bromine), this ca!;i be used as a diagnostic technique for 
nuclear fusion. This can be observed as a result of the production of x-rays when 
plasma is formed by the laser irradiation. Other diagnostic techniques such as metal 
evaporation during plasma polymerisation can be carried out using metals such as 
gold and monomers contauiing clilorine or bromine such as p-chlorostyrene, vinyl 
chloride, p-chloroaciylanilide and vinyUdenechloride can be specially introduced 
during plasma polymerisation. 

Examples of embodiment of this method of forming coatings according to the 
invention are given, although the invention is not confined to these. 
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Example of Embodiment No. 1 

Polymerisation was carried out using the plasma polymerisation device whose main 
components are shown in the diagram. The main components of this device in order 
from the end are an argon inlet, a monomer inlet, a polj-tetratliioroelhylene insert (1) 
positioned inside the device, electrodes (2) positioned internally, a 
polytetrafluoroethylene insert (3) positioned internally and a glass tube (4) having at 
the other end an outlet connected to a vacuum pump via a liquid nitrogen trap. 

The electrodes comprise two parallel copper plates (15.4 cm long, 6.5 cm wide and 
3.5 cm apart) positioned inside the aforesaid glass tube (8 em internal diameter) with 
a tliin glass tube 200 p.m in diameter positioned longitudinally on the centre line 
between the electrodes. The electrodes were water-cooled by forming a 
semicylindrical chamber such that water flows in the gap between the electrodes and 
the walls and not between the electrodes. 

After tlie inside of the glass tube had reached a vacuum of 0.05 Torr, and argon was 
passed through at a rate of 2.8 cm^STP/min and at approximately 0.45 Torr, plasma 
polymerisation was carried out under the following conditions while the monomer 
was flowing 

Electrode temperature 
Argon flux 

Monomer flux (2,2,3,4,4,4-hexafluorobiriyhncthacrylate) 
Gas pressure 

Discharge power 
Discharge frequency 

Discharge time 

After the pij^ma polymerisation process, the thin glass tube was removed, and as a 
result of an electron microscope examination and metal evaporation (gold), it was 
found that a cylindrical polymer of 285 \xm external diameter had formed around the 
thin glass tube at the centre. The external roughness was less than 0.1 \xm and the 
coating rate was approximately 6 fxm/h. 

. Example of Embodimeat No. 2 

As in the example of embodiment No. 1 , plasma polymerisation was carried out with 
the substrate positioned at the centre of the electrodes as follows. 

Tlie substrate was a 200 fxm glass sphere (Tokyo Sliibaura Denki, BG705) araldited to 
the end of a thin glass tube having an external diameter of 70 jim. The glass sphere 
had a smooth surface of 285 |im external diameter formed by the polymer coating 
with a rougimess of less tliaa 0.1 ^m and a uniform coaling 40 ixm thick had formed 
arotmd the thin glass tube. Tlie coating rate was approximately 6 {.im/h. 



19T 

2.8 cm\STP/min 
0.3 cm^STP/min 
0.5 Torr 



7 W 

13.56 MHz 



Example of Embodiment No. 3 



Apart from using methyimethaciylate as the monomer, the plasma polymerisation was 
carried out as in example of embodiment No. 1 , A cylindrical polymer of 275 fim 
external diameter formed around the thin glass tube. The external roughness was O.I 
fxm and the coating rate was approximately 5.5 jxm/h. 

4. Detailed Explanation of Figures 

The diagram shows a schematic of the main components of the plasma polymerisation 
device used in the method according to the invention. 

Figure captions: 

(1) and (3): pol>'tetrafluoroethylene inserts 

(2) : electrodes 

(4): glass tube. . 



Applicants: Daikin Industries 

Agents: Muneta ASAHINA Patent Attorneys 



(NB: the appended corrections have been incorporated in the text). 



external dianieter fomied around the tWn glass tube. The external roughness was 0 1 
fin. and the coating rate was approximately 5.5 j^m/'h. 

4, Detsiied Explanation of Figures 

6t~TilTl '.r*;™^*/ *^ T" ""-PO"™-^ of the plasma polymerisation 

at-^acv used m the method according to the invention. 

Figure captions. 

(1) and(3): polytetrafluoroethyjene inserts 

(2) ; electrodes 

(4); glass tube. ^ 
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